Filamentous structures designated Triton shells were obtained from virulent Mycoplasma pneumoniae by treatment with Triton X-100. Monoclonal antibodies directed against M. pneumoniae were used in conjunction with radioimmunoprecipitation and Western blotting to detect immunologically reactive polypeptides in Triton shells. The major adhesin, protein P1, was associated with these structures.
The intimate parasitism of host cells by Mycoplasma pneumoniae leads to respiratory tract histopathology (4, 5, 10, 11) . A specialized tip structure has been implicated as the primary M. pneumoniae attachment organelle (3, 12, 20, 21) , and recent ultrastructural studies of the tip have demonstrated the dense clustering of a protein adhesin designated P1 (1, 6, 9) . In addition, protein P1 is dispersed in less dense foci along the mycoplasma membrane (1) . The mechanism by which protein P1 clusters at the terminus is unknown.
The treatment of M. pneuimoniae with the nonionic detergent Triton X-100 results in solubilization of approximately 80% of the mycoplasma membrane (7) . Microscopic examination of the organisms after Triton X-100 exposure reveals filamentous cytoskeletons containing rodlike tip structures (7, 13, 18, 20) , hereafter referred to as Triton shells. These Triton shells contain less than 20% of the original total mycoplasma membrane lipid and only 10 to 15% of the original total mycoplasma protein (7, 13 Triton shells (13) were prepared from equal mixtures of unlabeled and radiolabeled M. pneumoniae. Briefly, the organisms were suspended in buffer containing 20 mM Tris, 150 mM NaCl, 0.5 mM MgCI2, 0.2 mM dithiothreitol, 1 mM ethylene glycol-bis(3-aminoethyl ether)-N,N,N',N'-tetraacetate (EGTA), 1 mM phenylmethylsulfonyl fluoride, and 2% (wt/vol) Triton X-100 (pH 7.4). All chemicals were obtained from Sigma Chemical Co., St. Louis, Mo. After incubation for 30 min at 37°C, the suspension was centrifuged (10,000 x g, 30 min, 4°C), and the pellet (representing the Triton shells) was washed once in the Triton X-100 buffer described above. For analysis of M. pneumoniae proteins in Triton shells, washed pellets were suspended in a small volume of 2% (wt/vol) sodium dodecyl sulfate containing 1 mM EGTA and 1 mM phenylmethylsulfonyl fluoride. These suspensions were then diluted 20-fold with buffer containing 1% (wt/vol) Triton X-100, 0.2% (wt/vol) sodium deoxycholate, 10 mM EDTA, 1 mM EGTA, 1 mM phenylmethylsulfonyl fluoride, and 10 mM Tris (pH 7.8). After incubation for 15 min at 37°C followed by centrifugation (10,000 x g, 20 min, 4°C), the supernatant (solubilized, radiolabeled Triton shell proteins) was analyzed by soluble-antigen radioimmunoprecipitation (RIP) (17) .
Alternatively, Triton shells were solubilized, subjected to sodium dodecyl sulfate-polyacrylamide gel electrophoresis (15) , and electroblotted (1,000 V, 36 h) onto nitrocellulose.
The resulting Western blot was probed with specific monoclonal antibodies (16, 19) . Horseradish peroxidaseconjugated goat anti-mouse immunoglobulin G (Hyclone, Logan, Utah) was added, and monoclonal antibody binding was detected after incubation of blots with horseradish peroxidase color development reagent (Bio-Rad Laboratories, Richmond, Calif.).
Monoclonal antibodies 2G4 and 6E7 reacted with the major adhesin, protein P1 (molecular weight, 165,000 to 175,000) (Fig. 1, lanes d and e) . Note that P1 is only a very minor component of the Triton shells (Fig. 1, lane t) , as compared with its amount in the whole organism (Fig. 1, lane a) . A battery of monoclonal antibodies to other polypeptides of M. pneumoniae were also tested in the soluble-antigen RIP assay. Monoclonal antibodies 1D1l and 18H7 reacted with a polypeptide with an apparent molecular weight of 200,000.
Monoclonal antibody 9G4 reacted with three polypeptides with corresponding molecular weights of 155,000, 41,000, and 30,000. Monoclonal antibody 22C9 reacted with two polypeptides with apparent molecular weights of 127,000 and 42,000. In contrast, monoclonal antibody 4F4, which recognized a polypeptide of 32,000 daltons in solubilized M. pneumoniae, was not reactive with solubilized Triton shells, although polypeptides of 32,000 daltons were present (Fig. 1,  lane f) . To confirm the presence of protein P1 in Triton shells, Triton shell proteins were immunoblotted with anti-P1 monoclonal antibodies. Although electrophoretic transfer of high-molecular-weight polypeptides (including P1) was not complete, protein P1 was readily demonstrated with anti-Pl monoclonal antibody (Fig. 2) . The immunoblotting technique eliminates much of the background reactivity observed with the soluble-antigen RIP assay.
The detection of protein P1 in Triton shells suggests that a subpopulation of protein P1 is associated with the cytoskeletal structure of M. pneumoniae. It is possible that this filamentous structure functions in the gliding motility of M. pneumoniae (7, 18) . The tip, which contains dense patches of protein P1, appears to be the leading head during motility. The coordination of mycoplasma motility and cytadsorption to host cell receptors may require a tight association of protein P1 with the differentiated tip and filamentous Triton shell. Previous examination of wild-type M. pneumoniae and isogenic avirulent mutants by immunoferritin electron microscopy indicated that concentration of protein P1 at the tip structure was necessary for cytadsorption and virulence (1). Interestingly, a protein comigrating with HMW1, previously implicated in cytadsorption (1, 14) , was also found to be associated with Triton shells. As we have suggested before (1, 14) , perhaps M. pneumoniae "accessory" proteins (such as HMW1) function to properly position and anchor protein P1 at the terminus. This would be analogous to the 09k-.- e, respectively) . In the control RIP assay, the antigens either were not exposed to antibody (lane b) or were exposed to proteins secreted by SPL myeloma cells (lane c). The molecular weights were determined by coelectrophoresis of '4C-labeled protein standards with the indicated molecular weights.
